Conclusion: Analysis of persistence of treatment with novel glucose-lowering medications revealed differences between drug classes, favoring dipeptidyl peptidase-4 inhibitors vs. sodium-glucose co-transporter-2 inhibitors and glucagon-like peptide-1 receptor agonists. Persistence data of novel antihyperglycemic agents may be useful for guiding the decision at initiation of antidiabetic treatment. Funding: Hungarian Diabetes Association. Plain Language Summary: Plain language summary available for this article.
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PLAIN LANGUAGE SUMMARY
Although type 2 diabetes is a very frequent metabolic disease in adulthood and among the elderly, its manifestation is often symptomless. Patients with type 2 diabetes should be treated with glucose-lowering pills or injectable drugs (i.e., insulin or other agents) to achieve normalization of elevated blood glucose values. This treatment with medications alongside lifestyle modification may prevent or at least decrease the risk of late complications due to permanently high blood glucose values which may affect the eyes, kidneys, nerves, and cardiovascular system. Failure of adequate treatment may ultimately lead to increased morbidity (blindness, chronic kidney disease, amputation) and mortality. We care for our diabetic patients regularly for years because medications cannot definitively reverse the metabolic abnormalities. Persistence to treatment (duration of prescribed medication use) is of great importance in the long run as it may affect the outcome of the disease.
In the last couple of years, new and innovative glucose-lowering pills became available. In addition, when glucose levels remain too high there are new options for applying medication by a small needle at the abdominal wall or thighs. We investigated three new glucoselowering drugs called dipeptidyl peptidase-4 inhibitors (DPP-4 inhibitors), sodium-glucose co-transporter-2 inhibitors (SGLT-2 inhibitors) (both are pills), and glucagon-like peptide-1 receptor agonists (GLP-1-RAs, an injectable medication) to assess whether patients follow the physicians' instructions and use these medications accordingly. We used the database of the National Institute of Health Insurance Fund Management in Hungary. We found that patients were more likely to continue treatment with DPP-4 inhibitors as compared to SGLT-2 inhibitors or GLP-1 RAs. We suggest that it is reasonable for clinicians to consider-among others-persistence data when prescribing novel antidiabetic drugs to patients with type 2 diabetes mellitus.
INTRODUCTION
The burden of type 2 diabetes mellitus has been widely recognized. The recent prevalence rate and the estimated increase in incidence of type 2 diabetes create a severe global health problem [1] . The research activity in development of new antidiabetic drugs for treating type 2 diabetes was very successful in the last decade. New classes of drugs (DPP-4 inhibitors, GLP-1-RAs, and SGLT-2 inhibitors) became available and broadened the armamentarium of antidiabetic drugs for treating people with type 2 diabetes [2] .
Persistence to treatment is a key element associated with the effectiveness of pharmacological therapies in patients with diabetes mellitus. The antihyperglycemic agents work in different ways to lower blood glucose levels. Besides patients' characteristics, the mode of administration (oral, injectable), glycemic effect, and potential risks (hypoglycemia, weight gain, cardiovascular safety profile, side effects) of antihyperglycemic agents should be considered when deciding the pharmacological treatment for diabetes [3, 4] . The success of antidiabetic treatment may be influenced by several factors and persistence to treatment should be considered important in this regard [5] . Although persistence to a particular antidiabetic drug depends on the patient's age, gender, ethnicity, social conditions, and comorbidities [6] , specific characteristics of the treatment such as complexity of dosing regimen, safety, tolerability, and cost may also play an important role [7] . Even therapeutic inertia in the antihyperglycemic treatment can be a concern [8] .
While several studies were earlier performed to assess the persistence to treatment with traditional oral antidiabetic drugs [metformin (MET) and sulfonylureas (SUs)] [9, 10] , such data with novel agents are limited [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] and lacking from the Central-Eastern European countries. Therefore, the aim of our study was to evaluate the persistence of prescribed treatment with novel antidiabetic drugs (DPP-4 inhibitors, SGLT-2 inhibitors, and GLP-1-RAs) in a nationwide cohort of people with type 2 diabetes in Hungary.
METHODS
In this study we used the database of the National Institute of Health Insurance Fund Management (Hungary). All data were anonymized at data extraction, and we used nonidentifiable data at further analyses. In this central database, all antidiabetic drugs prescribed with reimbursement and dispensed in pharmacies nationwide are regularly registered. Actually, a near 3-year-long period from January 1, 2014 was investigated. The persistence of novel antidiabetic drugs was analyzed in two treatment options: 1. First, we focused on treatment intensification with novel antidiabetic drugs on failure with first treatment option. Accordingly, we captured the new antihyperglycemic agents either in monotherapy (switched from another former drug) or in add-on combinations with different former drugs and the persistence to the treatment with DPP-4 inhibitors (n = 59,900), SGLT-2 inhibitors (n = 26,052), and GLP-1-RAs (n = 17,332) was assessed. In a subanalysis, the persistence of fixed and free add-on combinations of DPP-4 inhibitors with MET (n = 21,167 and n = 1986, respectively) and those of SGLT-2 inhibitors with MET (n = 4286 and n = 2603, respectively) were separately investigated. 2. Secondly, we focused on the treatment initiation and the persistence of DPP-4 inhibitors (n = 9163) and SGLT-2 inhibitors (n = 1257) was assessed and compared to that of initial monotherapy with MET (n = 79,305) or SUs (n = 29,057). In Hungary, five DPP-4 inhibitors (sitagliptin, vildagliptin, saxagliptin, linagliptin, alogliptin) and two SGLT-2 inhibitors (dapagliflozin, empagliflozin) and their fixed combinations with MET are available. As for GLP-1-RAs, exenatide twice daily, exenatide once weekly, liraglutide, and lixisenatide can be prescribed. All these drugs are reimbursed at 70%. As for MET, different preparations exist and five SUs (glibenclamide, gliclazide, gliquidone, glimepiride, glipizide) are available in Hungary, all of which are reimbursed at 55%.
People starting with the particular antidiabetic therapy from January 1, 2014 were enrolled in this study. The year of 2013 was used as reference year in order to detect only the real starting therapy in 2014. For each person, dispensing of the prescribed drugs was followed until October 31, 2016, followed by a permissible gap of 180 days (grace period) until 30 April, 2017.
The persistence curves were obtained by shifting the individual treatments initiated during the entire study period into the zero point. The numerical value of persistence was determined as a percentage of the initial population that remained on therapy in each drug classes [21] . Treatment was considered persistent if the medicine was dispensed throughout the study period irrespective of other antidiabetic drugs, if any. Consequently, treatment was classified non-persistent if a patient started the antidiabetic therapy and then later-including the grace period-did not continue the treatment with the respective antidiabetic drug.
It was determined in advance for how many days the defined dosage forms of the medication would last for a person. On the basis of these results, we calculated for how long the dispensed quantities would be enough. A grace period of 180 days was applied according to the International Society for Pharmacoeconomics and Outcomes Research (ISPOR) guidelines often used in international literature [22] . The therapy was considered continuous if the individual still had medication 180 days before the end of the study period. The treatment was considered non-persistent if the last dispensed amount of medication had been used up, based on the earlier dosing, and within a further 180 days no repeated dispensing occurred. In other words, persistence was defined as the duration of time from initiation to discontinuation of the particular therapy and a permissible gap of 180 days (grace period) was allowed between the last day on therapy and the next refill of prescription. Analyses with shorter grace periods (120, 90, and 60 days) in our cohort revealed an approximately 3-4% decrease in persistence rate at year 1 and 2 but we decided to remain at the less strict 180-day grace period. Death cases were censored, meaning that they were registered but not counted for persistence analysis.
The numerical value of persistence of the actual drug therapy (the proportion of persistent people in the initial cohort) was determined at two predefined time points (year 1 and year 2, i.e., 12 months and 24 months after the initiation of the medication, respectively). In addition, Kaplan-Meier curves were generated with age-and gender-corrected values of lengthof-therapy data and Cox proportional hazard analysis was used for evaluating hazard ratio with 95% confidence interval (HR; 95% CI) of non-persistence.
At treatment intensification we also assessed the persistence to treatment in patients with different age by decades. For statistical analysis we formed three age groups (B 50, 51-70, C 71 years) and used the Tukey contrast method for making a comparison.
In this research we used non-identifiable data obtained from the database of the National Institute of Health Insurance Fund Management, Hungary. This article does not contain any studies with human participants or animals performed by any of the authors. Therefore, informed consent was not required. A study license number was needed and provided (S04/ 168/2017) by the National Institute of Health Insurance Fund Management, Hungary.
RESULTS
The persistence rates of DPP-4 inhibitors, SGLT-2 inhibitors, and GLP-1-RAs at treatment intensification were 69.6%, 67.8%, and 66.3% at year 1 which decreased to 57.3%, 56.8%, and 52.1% by year 2, respectively (Fig. 1) . Regarding the entire period (24 months), the risk of nonpersistence was significantly higher for SGLT-2 inhibitors (HR 1.066, 95% CI 1.036-1.096; p \ 0.0001) and for GLP-1-RAs (HR 1.083, 95% CI 1.050-1.116; p \ 0.0001) as compared to DPP-4 inhibitors.
At treatment intensification with DPP-4 inhibitors, the proportion of persistent patients was lower in patients aged B 50 vs. C 51 years (Table 1) .
Regarding the entire period (24 months), the risk of non-persistence was significantly higher in patients aged B 50 vs. 51-70 years (HR 1.259, CI 1.203-1.318; p \ 0.0001) but no difference in risk was found in patients aged C 71 vs. B 50 years (HR 1.013, CI 0.971-1.056; p = 0.734). In case of SGLT-2 inhibitors, the persistence was the best in patients aged between 41 and 60 years (Table 1) . Regarding the entire period (24 months), there was no difference in risk of non-persistence between patients aged B 50 vs. 51-70 years (HR 0.996, CI 0.927-1.070; p = 0.992) but the risk was higher in patients aged C 71 vs. 51-70 years (HR 1.415, CI 1.290-1.551; p \ 0.0001). In patients treated with GLP-1-RAs, the persistence was the best at age between 51 and 70 years (Table 1) .
Regarding the entire period (24 months), the risk of non-persistence was significantly higher in patients aged B 50 vs. Treatment with DPP-4 inhibitors or SGLT-2 inhibitors in fixed versus free add-on combinations with MET had higher persistence rates (Table 2) .
Regarding the entire period (24 months for DPP-4 inhibitors and 12 months for SGLT-2 inhibitors), the risk of non-persistence was considerably lower for fixed versus free add-on MET combinations with DPP-4 inhibitors (HR 0.549, 95% CI 0.513-0.587; p \ 0.0001) or with SGLT-2 inhibitors (HR 0.550, 95% CI 0.498-0.607; p \ 0.0001).
The persistence rates of treatment with novel oral antidiabetic drugs (DPP-4 inhibitors, SGLT-2 inhibitors) in initial therapy were much better at year 1 and year 2 than those of MET or SUs (Table 2) . 
DISCUSSION
Our study demonstrates that at treatment intensification with novel antidiabetic drugs, DPP-4 inhibitors have the highest persistence rate followed by SGLT-2 inhibitors and GLP-1-RAs. Novel oral antidiabetic drugs in fixed combinations with MET have significantly higher persistence than that of free add-on combinations. The persistence to treatment with novel oral antidiabetic agents (DPP-4 inhibitors, SGLT-2 inhibitors) in initial therapy is much better than that with MET or SUs.
We used a nationwide database to determine persistence to treatment with different antihyperglycemic drug classes. It is widely accepted that pharmacy claims databases are a reliable source of data based on prescription refills. Using such database, one can perform an accurate analysis of persistence to a treatment in chronic diseases such as diabetes [23] .
In our analysis we investigated a near 3-yearlong period from 2014 to 2017. Although DPP-4 inhibitors became available 8-10 years ago, DPP-4 dipeptidyl peptidase-4, SGLT-2 sodium-glucose co-transporter-2, GLP-1-RAs glucagon-like peptide-1 receptor agonists GLP-1-RAs reached the market later and SGLT-2 inhibitors could be prescribed only in the last couple of years. As our original aim was to perform a comparative analysis in the same period, the timeframe of availability of SGLT-2 inhibitors was taken into account. In our study we used the term persistence. Although there is no clear distinction in some publications between the terms persistence and adherence, and sometimes they are used interchangeably in the literature, we maintain the term persistence-the duration of medication use-as an important indicator of adherence [24, 25] .
We evaluated the rates of persistence to the treatment with particular antihyperglycemic drug classes at prespecified time points but we also assessed the hazard ratios of non-persistence by using persistence curves. Although persistence (or non-persistence) data can easily be followed in our study, we acknowledge that another method (i.e., evaluating proportion of days covered) is still in use in the literature [23] .
Although persistence to diabetes medication is of great importance, non-persistence is common and varies according to classes of drugs [26] . Former retrospective database analyses from the USA and Germany documented that DPP-4 inhibitors have better persistence than traditional antidiabetic drugs such as SUs or thiazolidinediones [11, 12] . Similar results were found in another study which used a database from the UK [13] . In 2015, the persistence of oral antidiabetic drugs proved to be suboptimal DPP-4 dipeptidyl peptidase-4, SGLT-2 sodium-glucose co-transporter-2, GLP-1-RAs glucagon-like peptide-1 receptor agonists, MET metformin, SUs sulfonylureas in a meta-analysis [14] . A study from the USA recently documented a better persistence with the SGLT-2 inhibitor canagliflozin compared to dapagliflozin, GLP-1-RAs, or DPP-4 inhibitors [15] . Another study also from the USA reported on better persistence of initial SGLT-2 inhibitors than newly initiated treatment with SUs [16] . In a recent large comparative study from the UK, persistence to older and newer oral antidiabetic drugs was analyzed and the results suggested that medication class was the major influencing factor in medication persistence [17] . Among the GLP-1-RAs, dulaglutide had better persistence data than that of once-weekly exenatide or liraglutide [18] . To the best of our knowledge, our study is the first report from Central-Eastern Europe demonstrating the persistence rates of all novel antidiabetic drug classes either at treatment intensification or at initial treatment.
The data from our region add to the current body of knowledge on persistence of novel antidiabetic drugs.
Regarding our results, two recent real-world studies from the USA are of particular interest. Using the same large database (US Centricity Electronic Medical Records), the authors reported on-among others-the discontinuation rate of DPP-4 inhibitors, GLP-1-RAs, and SGLT-2 inhibitors in patients with type 2 diabetes. When these drugs were used as initial treatment, the discontinuation rates at year 1 were 17%, 20%, and 25% resulting in persistence of 83%, 80%, and 75%, respectively. When these drugs were used as second treatment, the discontinuation rates at year 1 were 18%, 21%, and 25% resulting in persistence of 82%, 79% and 75%, respectively. Although the numbers differ, the ranking order of persistence of these novel antidiabetic drugs is very close to what we found in our study either at treatment intensification or at initial treatment [19] . In another publication the authors reported on the sustainability of desirable glycemic control over 2 years with major second-line antidiabetic therapies. They found that patients with second-line incretin-based drugs (DPP-4 inhibitors, GLP-1-RAs) had higher probability of achieving and sustaining acceptable glycemic control compared with those treated with SUs or insulin [20] . Unfortunately, we could not perform such analysis as no laboratory parameters were recorded in our database. Additionally, our data suggest that age of patients may have some influence on persistence (with DPP-4 inhibitors, persistence was higher in patients aged C 51 vs. B 50 years; with SGLT-2 inhibitors, the worst persistence data was observed in patients aged C 71 years; while with GLP-1-RAs, the best persistence rate was observed in patients aged 51-70 years).
It was earlier documented that management of type 2 diabetes using fixed-dose combinations provides a compliance benefit relative to free add-on combinations [27, 28] . In this regard our study should be considered confirmatory with novel oral antidiabetic drugs with MET combinations.
Our results have to be interpreted within the context of their limitations. In our study no specific data were available about important covariates such as severity of the disease, comorbidities, glycemic control, HbA1c values, BMI, renal function, socioeconomic status, or incidence of side effects (especially hypoglycemic event rates) of ongoing antidiabetic treatment. While we acknowledge the importance of these cofounders, we feel that our results are meaningful for characterizing the persistence of treatment with novel antidiabetic drugs in our region. Nevertheless, the generalizability of our results is limited because the healthcare system and accesses to different treatment options are country-specific. In this regard it is noteworthy that our study was based a nationwide register which should be considered as a strength of the investigation. It is also of note that although the prices of novel drugs in different antidiabetic classes differ, all have the same (70%) reimbursement in our country.
CONCLUSION
The analysis of persistence of treatment with novel glucose-lowering medications revealed significant differences between drug classes, favoring DPP-4 inhibitors vs. SGLT-2 inhibitors and GLP-1-RAs, and between free and fixed-dose MET combinations, favoring the latter. These data should be useful in clinical practice and
